called "dwelling" [24] . In Drosophila, "rover" and "sit-
Figure 1. Responses of Feeding Animals to Changes in Ambient Oxygen
(A and B) Plots of speed against time for an N2 individual (A) and an npr-1(ad609) mutant animal (B). Animals were on food throughout the assays. Speed was measured at intervals of 0.5 s. The black and red bars represent the periods before and after the switch from 21% to 11% oxygen, respectively. (C and D) Traces of the tracks made by the N2 and npr-1 animals shown in (A) and (B). Black and red highlight tracks made before and after the switch from 21% to 11% oxygen. (E) Average speeds of feeding animals at 21% oxygen and after a shift to 11% oxygen. N2 is a solitary wild strain that bears the npr-1 215V allele; CB4856 is a wild social that bears the npr-1 215F allele; npr-1(g320) bears the npr-1 215F allele in an N2 genetic background. npr-1(ad609) is a strong lossof-function allele. For CB4856, npr-1(g320) and npr-1(ad609) speed is significantly greater (p < 0.001) at 21% oxygen compared to 11% oxygen. N2 speeds at 21% and 11% oxygen are not significantly different (p > 0.05). (F) Average speeds of the animals in (E) after their return to 21% oxygen. For CB4856, npr-1(g320) and npr-1(ad609) speed is significantly lower (p < 0.001) at 11% oxygen compared to 21% oxygen. N2 speeds at 11% and 21% oxygen are not significantly different (p > 0.05). In this and subsequent experiments in which we examine speed of movement, n > 25 animals.
ter" foraging are associated with different alleles of prodownsteps and upsteps between 21% and 11% O 2 and analyzed their behavioral responses by computertein kinase G [23] . In C. elegans, natural variation in feeding is associated with two alleles of a neuropeptide assisted videotracking [22] . We chose 11% O 2 because it lies at the upper end of the O 2 tensions preferred by receptor, npr-1, that encode a different amino acid residue at position 215 of the receptor [22] . "Solitary" C. elegans cultivated under standard conditions and because lowering ambient O 2 to 11% strongly disrupts feeders bear the dominant npr-1 215V allele, whereas "social" feeders bear the ancestral recessive allele aggregation and bordering behaviors [15] . For our initial analysis, we focused on four genotypes: the solitary npr-1 215F [22] . The two receptor variants differ in their signaling responses to cognate RFamide peptide liEnglish wild strain N2 (Bristol) that bears the npr-1 215V allele; the aggregating Hawaiian wild strain CB4856 that gands [25] .
One group of neurons in which NPR-1 215V acts to carries the npr-1 215F allele; npr-1(g320), an aggregating strain bearing the npr-1 215F allele in the N2 genetic inhibit aggregation and accumulation on abundant bacteria consists of AQR, PQR, and URX [19] . NPR-1 215V background; and a strongly aggregating npr-1 loss-offunction (lf) mutant, npr-1(ad609). acts in these neurons to antagonize a cGMP pathway mediated by GCY-35, GCY-36, and the cGMP-gatedLowering ambient O 2 from 21% to 11% only slightly reduced the movement of feeding N2 animals (Figures ion-channel subunits TAX-2 and TAX-4 [19, 20] . The involvement of gcy-35 suggests that aggregation and 1A, 1C, and 1E and Movie S1 (A) Average number of reversals and omega turns made by npr-1(ad609) animals during 2-min intervals before a switch from 11% to 21% oxygen ("11% Oxygen"), immediately after the switch ("Transition"), and at the end of the assay ("21% Oxygen"). Animals were recorded for 4 min at 11% oxygen followed by 4 min at 21% oxygen. p < 0.001 for comparisons of average number of reversals and omega turns between the "Transition" period and both the "11% Oxygen" and "21% Oxygen" periods. (B) The speed of npr-1 mutant animals progressively decreases as ambient oxygen concentration falls from 21% to 7%. In this and subsequent panels, the percentage in parentheses on the x axis indicates the oxygen concentration after a downstep from 21% oxygen. p < 0.001 for comparisons of speed between 7% and 11%, 11% and 14%, and 17% and 21% oxygen. Average speed was calculated as in However, the sGCs encoded by these two genes share greater at higher food densities. Together, these data greater than 83% amino acid identity, raising the possisuggest that the slowing responses of N2 and npr-1 bility that each could compensate for loss of the other. animals are coupled to different environmental features.
We therefore examined the behavioral consequences of knocking out both genes.
GCY-35 and GCY-36 Mediate the Switch
Simultaneously The initial experiments were performed with npr-1 (null) mutant animals. We next investigated whether anmals grown under standard conditions raised the possibility that they play more important roles when C. eleimals bearing the two natural alleles of npr-1 also altered their aerotaxis after cultivation in 1% O 2 . Interestgans experiences different cultivation conditions. To investigate this possibility, we cultivated npr-1 animals ingly, whereas animals bearing npr-1 215F showed a strong preference for low O 2 after growth in hypoxia, in a low-O 2 environment and examined their subsequent behavior.
animals bearing npr-1 215V showed only a weak preference ( Figure 6F ). These data suggest that NPR-1 215V The aggregation of npr-1 animals is highly sensitive to changes in the activity of sGCs expressed in AQR, inhibits the hypoxia-induced shift in aerotaxis. PQR, and URX. We therefore used this behavior as a first bioassay for hypoxia-induced changes in O 2 senThe Shift in Aerotaxis Is Associated with Changes in sGC Activity sation. We cultivated npr-1 animals in 1% O 2 for 4 hr and tested their ability to aggregate when returned to Cultivation in 1% O 2 could modify aerotaxis by altering the activity of sGCs or of the neurons that express 21% O 2 . We tested animals that had not been exposed to the 1% O 2 regime as controls. As expected, npr-1 these O 2 sensors. To investigate these possibilities, we examined the ability of npr-1 animals lacking one or animals not exposed to hypoxia aggregated strongly within 1 hr of being placed on food ( Figure 6A ). In conmore sGC to shift their aerotaxis behavior after cultivation in 1% oxygen. Interestingly, animals lacking gcytrast, hypoxia-treated npr-1 animals delayed the onset 
